o 
o> 

CM 

«r 

CO 
CO 



Q_ 

LU 



J 



(5) 

imuiiii 



EuropaJsches Patentamt 
< 19 ) (J))) European Patent Off Ice 

Off ice europeen des brevets (H) EP 0 884 290 A? 

(12) EUROPEAN PATENT APPLICATION 

(43) Date of publication: (51) lnt Cl 6. C04B 2 4/2B, C08G 65/32 
16.12.1998 Bulletin 1998/51 C08F 290/14 

(21) Application nurriber: 98110334.4 

(22) Date of filing: 05.06.1 998 



(84) Designated Contracting States: 

AT BE CH CY DE DK ESF1FRGBGR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 10.06.1997 JP 151945/97 

(71) Applicant: 

Nippon Shokubal Co., Ltd. 
Osaka-slii, Osaka 541-0043 (JP) 



(72) Inventors: 

• Hirata, Tsuyoshi 

Kobe-shl, Hyogo 655-0004 (JP) 

• Yuasa, Tsutomu 

Osaka-shi, Osaka 533-0014 (JP) 

• Nagare, Koichlro 
Surta-shl, Osaka 564-0035 (JP) 

(74) Representative: 

Henkel, Feller, Hanzel 
Mdhlstrasse 37 
81675 MQnchen (DE) 



(54) Cement admixture comprising a polycarboxylic acid and method for producing said acid 

(57) The invention provides: a cement admixture 
which has excellent cement dispersibilrty and can afford 
high slump retainability; and a cement composition 
which has excellent cement dispersibilrty and high 
slump retainability. The cement admixture comprises a 
polycarboxylic acid as an effective component, wherein 
the polycarboxylic acid is obtained by a process includ- 
ing the steps of: charging "a" parts by weight of a poly- 
alkyiene glycol (A) and V parts by weight of a 
(meth)acryfic acid monomer (B) into a reactor in the 
range of {(a/n x 100 ^ 200 , wherein n is an aver- 
age molar number of the added oxyaJkylene groups in , 
the poryalkytene glycol (A) and is a number of 1 to 300; 
carrying out an esterrfication reaction of the resultant 
mixture in the reactor, thus obtaining a polyaJkytene gly- 
col (meth)acryiate (C); and copofymerizing the resultant 
polyalkylene glycol (meth)acrylate (C) and the 
(meth)acrylic acid monomer (B). thus obtaining the 
polycarboxylic acid. 



Printed by Xerox (UK) Business Services 
2.16.6/3* 



t 



# 



75 



20 



EP 0 884 290 A2 

Description 

BACKGROUND OF THE INVENTION 

5 A. TECHNICAL FIELD 

The present invention relates to a cement admixture and a cement composition containing this admixture. 

B. BACKGROUND ART 

The recent concrete industry greatly requires concrete buddings to be enhanced in durability and strength, and it is 
known that the durability and the strength of the concrete buildings are both improved by enhancing the dispersibility of 
cement in a cement composition as used for producing the concrete buildings. 

In the concrete industry, a time is spent from the preparation of a cement composition till the use thereof. Therefore, 
a high slump retainabitrty is also demanded to the cement composition. 

SUMMARY OF THE INVENTION 

A OBJECTS OF THE INVENTION 

An object of the present invention is to provide: a cement admixture which has excellent cement dispersibility and 
can afford high slump retainabtirty; and a cement composition which has excellent cement dispersfttfrty and high slump 
retainabitrty. 

25 B DISCLOSUR E QE THE INVENTION 

The present inventors diligently studied to solve the above-mentioned problems, and as a result, completed the 
present invention by finding that a porycarboxyfc acid is excellent in cement dispersibBity and slump retainabHrty, 
wherein the pdycarboxyKc acid is obtained by copolymerizing a polyalkylene glycol (meth)acrytete with (meth)acrylic 
acid, wherein the polyalkylene glycol (meth)acrytate is obtained by carrying out an esterincation reaction of a poly- 
alkylene glycol and (meth)acryiic acid in a specfic ratio therebetween and under specific conditions. 

Thus, a cement admixture, according to the present invention, comprises a polycarboxylic acid as an effective com- 
ponent, wherein the polycarbcocyiic acid is obtained by a process including the steps of: 

charging "a" parts by weight of a polyalkylene glycol (A) of the general formula (1) below and V parts by weight of 
a (meth)acrytic acid monomer (B) of the general formula (2) below into a reactor in the range of the equation (1) 

carr^ig out an esterification reaction of the resultant mixture in the reactor, thus obtaining a polyalkylene glycol 
(meth)acrylate(C) of the general formula (3) below; and 

copolymerizing the resultant polyalkylene glycol (meth)acrylate (C) and the (meth)acryfe acid monomer (B), thus 
obtaining the polycarboxylic acid; 
wherein the general formula (1) is: 

HO(R 1 0) n Ff 0> 

wherein the general formula (2) is: 
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R3 

I 

CH2=OCOOH O) 



55 

wherein the equation (1) is: 



{(am 1/2 )/b} x 100^200 0) 
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wherein the general formula (3) is: 

R3 
I 

CH 2 = C-COO(RiO)„R2 (3) 



10 wherein: R 1 0 is one kind of oxyalkylene group or a mixture of two or more kinds thereof, wherein the two or more 
kinds of oxyalkylene groups may be added either in block form or at random; R 2 is an alkyt group with 1 to 22 car- 
bon atoms, a phenyl group, or an alkylphenyl group; n is an average molar number of the added oxyalkylene groups 
and is a number of 1 to 300; and R 3 is a hydrogen atom or a methyl group. 
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It is preferable that the polycarboxylic acid comprises: a backbone polymer with a structural unit as derived from 
either or both of the (meth)acrylic acid monomer (B) and a salt thereof; and a side chain which is a structural moiety as 
derived from the polyalkylene glycol (A); wherein the backbone polymer and the side chain are bonded to each other 
through either or both of an ester bond and an ether bond. 

It is preferable that the part by weight "a" of the polyalkylene glycol (A), the part by weight "b" of the (meth)acrylic 
ackf monomer (B). and the average molar number "n" of the added oxyalkylene groups meet the following equation (2) : 



40^{(aM 1/2 Vb} x 100 5 200 



(2). 



The process for obtaining the polycarboxyKc add may further include the step of adding a copolymerizaWe mono- 
25 mer to a reaction system which is subjected to the copolymerization step. 

It is preferable that a reaction system which is subjected to the copolymerization step in the process for obtaining 
the polycarboxylic acid merely includes a polyalkylene glycol di(meth)acrylate (E) of the general formula (4) below as 
an impurity in a ratio of 0 to 5 % by weight, more preferably, less than 1 % by weight, of the polyalkylene glycol 
(meth)acrylate (C), 
30 wherein the general formula (4) is: 



35 



45 



R4 R6 
I I 

CH 2 = C-COCXR50) r CO<:=CH2 (4) 



wherein: each of R 4 and R is independently a hydrogen atom or a methyl group; R 5 0 is one kind of oxyalkylene group 
or a mixture of two or more kinds thereof, wherein the two or more kinds of oxyalkylene groups may be added eitherin 
40 block form or at random; and r is an average molar number of the added oxyalkylene groups and is a number of 1 to 
300. 

A cement composition, according to the present invention, comprises cement the foregoing cement admixture 
according to the present invention, and water as essential components. 

A process for producing a polycarboxylic acid, according to the present invention, comprises the steps of: 



charging "a" parts by weight of a polyalkylene glycol (A) of the general formula (1) below and V parts by weight of 
a (meth)acrylic acid monomer (B) of the general formula (2) below into a reactor in the range of the equation (1) 
below, wherein the polyalkylene glycol (A) has a peroxide value of 0.7 meq/kg or less; 

carrying out an esterification reaction of the resultant mixture in the reactor, thus obtaining a polyalkylene alvcol 
so (meth)acrylate (C) of the general formula (3) below; and ■ ■ 

copolymerizing the resultant polyalkylene glycol (meth)acrylate (C) and the (meth)acrylic acid monomer (B), thus 
obtaining the polycarboxylic acid; 
wherein the general formula (1) is: 

55 HO(R 1 0) n R 2 (1) 

wherein the general formula (2) is: 
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R3 
I 

CH2=C-COOH (2) 



wherein the equation (1) is: 

{(a/h ,/2 )/b} x 100*200 

wherein the general formula (3) is: 

R3 
i 

CH 2 = OCOO(RiO) n R2 



wherein: R 1 0 is one fcmd of axyalkytene group or a mixture of two or more kinds thereof, wherein the two or more 
Kinds of oxyalkylene groups may be added either in block form or at random; R 2 is an aikyl group with 1 to 22 car- 
bon atoms, a phenyl group, or an alkytphenyi group; n is an average molar number of the added oxyalkylene groups 
and is a number of 1 to 300; and R 3 is a hydrogen atom or a methyl group. 

These and other objects and the advantages of the present invention will be more fully apparent from the following 
detailed disclosure. 

DETAILED DESCRIPTION OF THE INVENTION 

The cement admixture, according to the present invention, comprises a polycarboxylic acid, as obtained by the 
below-mentioned specific production process, as an effective component. Hereinafter, the production process for the 
polycarboxyKc acid is first explained, and then explanations are made about the cement admixture and the cement 
composition containing this cement admixture. 

[Production process for polycarboxylic add) 

The production process for the polycarboxyfic acid as used for the cement admixture of the present invention 
includes the below-mentioned esterBicafion and copolymerization steps. 

Ester ification step: 

In the eventration step, an esterification reaction of the polyalkylene glycol (A) and the (meth)acrylic acid mono- 
mer (B) is carried out, thus obtaining the polyalkylene glycol (meth)acryiate (C). 
The polyalkylene glycol (A) is shown by the aforementioned general formula (1). 

Examples of the polyalkylene glycol (A) include methoxy(poly)ethylene glycol, methoxy (polyethylene glycol 
(po!y)propy!ene glycol, methoxy(poly)propylene glycol. methoxy(poly)ethylene glycol (poly)butylene glycol, meth- 
oxy(po*y)ethyiene glycol (polypropylene glycol (poty)butytene glycol, methoxy(poly)butylene glycol, etrwocy (polyethyl- 
ene glycol, ethoxy(poly)ethylene glycol Qpoly)propytene glycol, ethoxy(poly)propylene glycol, etboxy(poly)ethylene 
glycol (poly)butylene glycol, ethoxy(poly)ethylene glycol (polypropylene glycol (poly)buty1ene glycol. ethoxy(poly)buty- 
lene glycol, phenoxy(poly) ethylene glycol, phenoxy(poly)ethylene glycol (poly)propy»ene glycol. phenoxy(poly)propyi- 
ene glycol. phenoxy(poly)ethy)ene glycol (poly)butyiene glycol, phenoxy(poly)ethylene glycol (poly)propylene glycol 
(poly)butylene glycol, phenoxy(poly)butylene glycol, alkylphenoxy(poly)ethyiene glycol, alkylphenaxy(poly)ethylene gly- 
col (polypropylene glycol. aikylphenoxy(poly)propytene glycol, alkylphenoxy(poly) ethylene glycol (poly)butylene glycol. 
alkytphenoxy(poly)ethylene glycol (poly)propylene glycol (poly)butylene glycol. alkylphenoxy(poIy)butylene glycol. 
These may be used either alone or in combinations of two or more thereof. Among them, particularly preferred ones 
contain a plurality of ethylene glycol chains, like methoxy(poly)ethylene glycol. 
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The average molar number of the added oxyalkylene groups is in the range of 1 to 300, preferably, 10 to 250 more 
preferably, 20 to 200. 

Where R 1 is an alkyl group, the number of carbon atoms therein is in the range of 1 to 22, preferably 1 to 1 0 more 
preferably, 1 to 5. r- 

The polyalkylene glycol (A), as used in the production process for the polycarboxylic acid, preferably has a peroxide 
value of 0.7 meq/kg or less, more preferably, 0.5 meq/kg or less, still more preferably. 0.3 meq/kg or less. In the case 
where the peroxide value is more than 0.7 meq/kg, a gel is formed in the esterification step, so a removal step by filtra- 
tion is needed, or abnormal molecular weight distribution, gel formation, or gelation is brought about in the copolymer- 
ization step, and as a result, the cement dispersibifity or the skimp retainability of the resultant polvcarboxvlic acid is 
greatly deteriorated. 7 

The (meth)acrylic acid monomer (B) is shown by the aforementioned general formula (2). Examples of such a mon- 
omer include acrylic acid, methacrylic acid, and their monovalent metal salts, divalent metal salts, organic amine salts 
and ammonium salts. These may be used either alone or in combinations of two or more thereof. 

In the esterification step, the part by weight "a" of the polyalkylene glycol (A), the part by weight "b" of the 
(meth)acryJic acid monomer (B), as charged into the reactor, and the average molar number "n" of the added oxy- 
alkylene groups, as included in the polyalkylene glycol (A), have a relation of <(am t/2 )/b} x 100 £ 200 wherein 
{(a/n )A>} x 100 (which might hereinafter be referred to as W K value! is a criterion for the number of the polyalkylene 
glycols (A) per weight of the carboxylic add. and is preferably in the range of 40 ^ K value * 200 more Dreferabiv 42 < 
K valuer 190, still more preferably, 45^ K value ^160. ' ' ' * i:,y 

In addition, also in view of shortening the esterification reaction period of time, it is preferable to charge the poly- 
alkylene glycol (A) and the (meth)acrylic acid monomer (B) in the above-mentioned range of the K value and thus the 
productivity is greatly improved. It is unfavorable that a K value more than 200 greatly lengthens the esterification reac- 
tion period of time and therefore greatly deteriorates the productivity. - 

In addition, in view of performances, the conversion of the polyalkylene glycol (A) in the above-mentioned esterifi- 
cation reaction does not need to be 100 %, but is preferably not less than 90 %, more preferably, not less than 95 % 
still more preferably, not less than 98%. ' 

The esterification reaction is not especially limited, but can be carried out by conventional methods using conven- 
tional catalysts and polymerization inhibitors, and further, if necessary, conventional solvents 

As to the catalysts as used for the esterification reaction, conventional ones can widely be used Examples of such 
catalysts include sulfuric acid, paratoluenesulfonic acid, and methanesulfonic acid. These may be used either alone or 
in combinations of two or more thereof. 

Also as to the polymerization inhibitors as used for the esterification reaction, conventional ones can widely be 
used. Examples of such polymerization inhbitors include: quinones such as hydroquinone and methoquinone- cupfer- 
ron; and phenothiazine. These may be used either alone or in combinations of two or more thereof. 

The esterification reaction can be carried out under reduced pressure or normal pressure and in the presence or 
absence of a solvent. In view of distilling off water, as formed in the esterification reaction, out of the reactor it is pref- 
erable to use a solvent azeotropic with water, and when the esterification reaction is carried out in the absence of any 
solvent the formed water can be eliminated by passing inert gases such as nitrogen and helium through the reactor 
Examples of such a solvent include: aromatic ones such as benzene, toluene, and xylene; alicyclic compounds such as 
cyctohexane; and aliphatic hydrocarbons such as n-hexane. These may be used either alone or in combinations of two 
or more thereof. 

The polyalkylene glycol (meth)acrylate (C) as obtained in the above-mentioned way has a structure of the foregoing 
general formula (3). 

Ck)oolvmenzation step: 

In the cc^lymerization step, the polyalkylene glycol (meth)acrylate (C). resultant from the foregoing esterification 
step, and the (meth)acrylic acid monomer (B) are coporymerized. thus obtaining the polycarboxylic acid The copolym- 
enzation step permits the below-mentioned copolymerizaWe monomer (D) to be added to a reaction system which is 
then subjected to the copolymerization. and thus the copolymerization step uses a monomer mixture (I) which com- 
prises the polyalkylene glycol (methjacrylate (C) and the (meth)acrylic acid monomer (B) as essential components and 
may further compnse the below-mentioned copolymerizabie monomer (D). 

The reaction mixture including the polyalkylene glycol (methjacrylate (C). as obtained in the above-mentioned 
esterification step, further includes the (meth)acrylic acid monomer (B), so this reaction mixture can, as is be used as 
the monomer mixture (I) in the copolymerization step. If the reaction mixture is used in such a way the productivity of 
the objective polycarboxylic acid is greatly improved. In addition, in the case where the esterification step is carried out 
in the presence of a solvent, it is permitted that this solvent is distilled off after the esterification step and the resultant 
monomer mixture (I) is then converted into an aqueous solution, which is then used in the copolymerization step 
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A product as obtained by further adding a copolymer izabie monomer to the above-mentioned reaction mixture can 
be used as the monomer mixture (Q. As to the copotymerizaWe monomer, either or both of the (meth)acryfic acid mon- 
omer (B) and another copolymerizabJe monomer (D) can be exempted. Particularly, it is preferable to add the 
(meth)acryiic acid monomer (B). 

5 Examples of the coporymerizaMe monomer (D) include: unsaturated cficartxwytic acids, such as maleic acid, 

fumartc acid, rtaccntc add, and dtraconic acid, and their monovalent metal salts, divalent metal salts, ammonium salts, 
and organic amine salts, or anhydrides; half esters and testers as formed from the abcve-merttioned unsaturated 
dtcarboxyttc acids and alcohols with 1 to 22 carbon atoms; half amides and diamides as formed from the above-men- 
tioned unsaturated cficarboocytic acids and amines with 1 to 22 carbon atoms; half esters and diesters as formed from 

10 the above-mentioned unsaturated dicarboxylic acids and alkyi polyalkylene glycols as obtained by adding 1 to 300 mols 
of oxyaikylenes with 2 to 4 carbon atoms to the above-mentioned alcohols or amines; half esters and diesters as formed 
from me above-mentioned unsaturated dicarboxylic acids and glycols with 2 to 4 carbon atoms or polyalkylene glycols 
of 2 to 300 in molar number of the addition of the foregoing glycols; half amides as formed from maleamic acid and gly- 
cols with 2 to 4 carbon atoms or pctyalkytene glycols of 2 to 300 in molar number of the addition of the foregoing glycols; 

15 (poly)aikyiene glycol d<meth}acry»ates (which might hereinafter be referred to as "polyalkylene glycol di(meth)acr- 
ylate(s) (E)) such as triethylene glycol dKmeth)acrylate, (poly)ethy»ene glycol di(meth)acrylate, polypropylene glycol 
di(meth)acrylate, and (poly) ethylene glycol (polypropylene glycol di(meth)acrylate; Afunctional (meth)acrylates such 
as hexanedkrf cfi(rneth)acrylate, trimethylolpropane frKmethJacryfate, and trimethytolpropane di(meth)acrylate; 
(poly}alkylene glycol dimateates such as trtethytene glycol dimaleate and polyethylene glycol dimaleate; unsaturated 

20 sulfonic acids, such as wryteuHbnate, (meth)ailytsulfonate, 2^rr^)acrykwye4rryteulfonate, 3-(rr^)acrytaxypropyl sul- 
fonate, 3-(rrieth)acrytcory-2-r^ 3-(meth)aaryloxy-2-hy^^ ether r 3-{meth)acry- 
taxy-2-rrydroxyprcwtocysu^ 4-(melh)acrytoxybutylsurtonate, (rneth)aCTylarmlornetriyteu»onw add, 
(meth)acrylamxJoe«w^ilfwiic acid, 2-methy^opanesuHbnic acid (meth)aarylamide, and styrenesuHonic acid, and 
their monovalent metal salts, divalent metal salts, ammonium salts, and organic amine salts; esters, as formed from 

25 (meth)acrylic add and alcohols with 1 to 22 carbon atoms, such as methyl (meth)acrylate, ethyl (meth)acryferte, propyl 
(methjacrylate, butyl (meth)acrylate. 2-ethylhexyl (meth)acrylate, 2-hydroxyethyl (rneth)acrytate, hydroxypropyl 
(methjacrylate. hydracybutyt (meth)acryfate, methyl crotonate, and glycidyl (rneth)acrytate; amides, as formed from 
unsaturated monocarboxyKc adds and amines with 1 to 22 carbon atoms, such as methyl (rneth)acrylamide; vinyl aro- 
matic compounds such as styrene, a-methytetyrene, vinyltoluene, and p-methybtyrene; alkanediol mono(meth)acr- 

30 ylates such as 1,4-butaneolol rnono<meth)acrytate, 1,5-perrtaneolol mono(meth)acrytate, and 1 ,6-hexanedio! 
mono(meth)acrylate; olenes such as butadiene, feoprene, 2-methyl-1 ,3-butadiene. and 2-cMoro-t ,3-butadiene; unsatu- 
rated amfcfes such as (meth)acrylamide, (meth)acrylalkylamide. r>l-methyW(meth)acry«amide, and N,N-dime- 
thyl(meth)acrytamide; unsaturated cyanes such as (meth)aciylorwtrBe and a-chloroacrylonitrile; unsaturated esters 
such as vinyl acetate and vinyl propionate; unsaturated amines such as ammoethyt (meth)acrylate, methylaminoethyl 

35 (meth)acryiate, dimethytarrenoethyl (meth)acrytate, cSmethylaminopropyt (meth)acrytate, dilxrtylaminoethyl (meth)acr- 
ylate, and vinytpyricfine; drvinyt aromatic compounds such as divinytoenzene; cyanurates such as triallyl cyanurate; ally! 
compounds such as (meth)attyl alcohol and glycidyl (meth)aByl ether; unsaturated amino compounds such as dimeth- 
ylaminoethyi (meth)acrytete; vinyl ethers or altyl ethers, such as methoxypdyethyi ene glycol moncvinyi ether, polyeth- 
ylene glycol moncvinyi ether, methoxypolyethylene glycol mono(meth)aRyl ether, and polyethylene glycol 

40 mono(rneth)allyt ether; and siloxane derivatives such as pc4yrfmetrrylsiJoxaneprop^ acid, 
polydimetrrylsiloxaneajT™ acid, polydmethylsBaxanebts^ acid), pory- 

dimettyrfsiToxanebistdipfc^ acid), prtydimethy«s»wane-<1-prcw^3-acrylate), porydimethylsi- 

loxane^1-propyl-3-methacrylate), polycfimethy»s8oxanebis( 1 -propyl-3-acryfate) , and porydimethyteiloxanebis(1-propyl- 
3-methacrylate). These may be used either alone or in combinations of two or more thereof. 

45 In addition, the monomer mixture (I) may include the polyalkylene glycol di(meth)acrylate (E) of the above-men- 
tioned general formula (4) as an impurity as included in the reaction system which is subjected to the preceding copo- 
lymer ization, but the content of the polyalkylene glycol di(meth)acrytate (E) is preferably in the range of 0 to 5 % by 
weight more preferably, less than 1 % by weight, still more preferably, less than 0.1 % by weight, most preferably, 0 % 
by weight, relative to the polyafcytene glycol (meth)acrylate (C). In the case where me polyalkylene glycol di(meth)acr- 

so ytate is more than 5 % by weight, abnormal molecular weight distribution and abnormal conversion into a high molecu- 
lar weight occur during the porymerizafon, and as a result, the cement disperstoility or the slump retainabilrty of the 
resultant polycarboxytic acid is greatly deteriorated. 

The method for polymerizing the monomer mixture (I) is not especially limited, and conventional polymerization 
methods such as solution or bulk polymerization using polymerization initiators can be employed. 

55 The polymerization method can be carried out either in a batch manner or continuous manner, and solvents as are, 
H necessary, used therein are available from among conventional ones and are not especially limited. Examples of such 
solvents include: alcohols such as methyl alcohol, ethyl alcohol, and isopropyl alcohol; aromatic or aliphatic hydrocar- 
bons such as benzene, toluene, xylene, cyclohexane, and n-heptane; esters such as ethyl acetate; ketones such as 
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acetone and methyl ethyl ketone. If the respective solubility of the monomer mixture and the resultant poiycarboxylic 
acid is, however, considered, it is preferable to use at least one solvent selected from the group consisting of water and 
lower alcohols with 1 to 4 carbon atoms. 

The polymerization initiator is available from among conventional ones and is not especially limited. Examples of 
5 such a polymerization initiator include: persulfetes such as ammonium persuHate. sodium persulfate, and potassium 
persulfate; hydrogen peroxide; azo compounds such as azcfeis(2-methylpropionamidine) hydrochloride and azobi- 
sisobutyronitrile; peroxides such as benzoyl peroxide, lauroyi peroxide, and cumene hydroperoxide. These may be used 
either alone or in combinations of two or more thereof. The polymerization initiator may be used jointly with at least one 
promoter selected from among: reductarrts such as sodium hydrogen sulfite, sodium sulfite, Mohr's salt, sodium pyro- 
10 bisulfite, sodium formaWehydesulfoxylate, and ascorbic acid; and amine compounds such as ethytenediamine, sodium 
ethylenediamtnetetraacetate, and glycine. 

Chain transfer agents can also be used, if necessary. The chain transfer agents are available from among conven- 
tional ones and are not especially limited, but examples thereof include mercaptoproptonic acid. 2-ethylhexyl mercap- 
topropionate, 2-mercaptoethyl octanate, 1 ,8-dimercapto-3,6-dioxaoctane, decanetrrthiol. dodecylmercaptan, 
is hexadecanethiol, decanethiol, carbon tetrachloride, carbon tetrabromide, a-methylstyrene dimer, terpinolene, a-ter- 
pinene, y-terpinene. diperrtene, and 2-aminopropan-1-ol. These may be used either alone or in combinations of twp or 
more thereof. 

The polymerization temperature is fitly determined dependently upon the polymerization method, the solvent the 
polymerization initiator, and the chain transfer agent as used, but the polymerization is usually carried out in the range 
20 of0tOl50°C. 

The poiycarboxylic acid as obtained by the above-mentioned production process has excellent cement dispersibO- 
ity and high slump retainability and therefore can, even as is, be used as a main component of the cement admixture 
of the present invention, but may be used in the form as neutralized with an alkaline substance, if necessary. Preferable 
examples of such an alkaline substance include: inorganic salts such as hydroxides, chlorides, and carbonates of 

25 monovalent and divalent metals; ammonia; and organic amines. 

The poiycarboxylic acid is a polymer comprising a principal chain and a side chain, wherein the principal chain is a 
structural moiety as derived from either or both of the (meth)acrytic acid monomer (B) and a salt thereof, and the side 
chain is a structural moiety as derived from the preceding polyalkylene glycol (A), and further the principal chain and 
the side chain are bonded to each other through either or both of an ester bond and an ether bond. ' ; 

so The molecular weight of the poiycarboxylic acid is permitted to be in a wide range, but it is , for example, in the 
range of 500 to 1,000,000, preferably, in the range of 5.000 to 500,000, more preferably, in the range of 10.000 to 
1 00.000. stSI more preferably, in the range of 1 5,000 to 50.000. 

[Cement admixture] 

35 

The cement admixture of the present invention comprises the poiycarboxylic acid, as obtained by the above-men- 
tioned production process, as an effective component. 

The present invention cement admixture may further comprise conventional cement admixture components in 
addition to the above-mentioned poiycarboxylic acid. Examples of such other conventional cement admixture compo- 
40 nents include cement dispersants. air-entraining agents, cement humectants, swelling materials, waterproof agents, 
retarders. accelerators, water-soluble high-molecular substances, thickeners, floccuJants, dry-shrinkage Diminishing 
agents, strength enhancing agents, curing promoters, and detoaming agents. 

Examples of the above-mentioned cement dispersants include: ligninsulfonic acid salts; oxycarboxylic acid salts; 
polyol derivatives; naphthalenesuHonic acid-formalin condensation products; melaminesulfonic acid-formalin condeiv 
45 sation products; aminosutfonic compounds, such as aminoarylsulfonic acid-phenoi-formaldehycle condensation prod 
ucts, as disclosed in JP-A-01-1 1 341 9; poiycarboxylic acids (or salts thereof) such as: cement dispersants. as disclosed 
in JP-A-07-267705. comprising (a) copolymers and/or salts thereof, as formed from polyafkylene glycol 
mono(meth)acrylate compounds and (meth)acrylic compounds, (b) copolymers and/or their hydrolyzed products and/or 
salts, as formed from polyalkylene glycol mono(meth)allyi ether compounds and maleic anhydride, and (c) copolymers 
so and/or salts thereof, as formed from polyalkylene glycol mono(meth)allyl ether compounds and polyalkylene glycol 
maleates; concrete admixtures, as disclosed in Japanese Patent No 25081 13, comprising (A) copolymers as formed 
from polyalkylene glycol (meth)acrylates and (methjacrylic acid (or salts thereof), (B) specific polyethylene glycol poly- 
propylene glycol compounds, and (C) specific surfactants; copolymers as disclosed in JP-A-62-2 16950 and formed 
from either polyethylene(propylene) glycol (meth)acrylate or polyethylene(propylene) glycol mono(meth)aJlyl ether, and 
55 (methjallyteulfonic acid (or salts thereof) and (methjacrylic acid (or salts thereof); copolymers as disclosed in JP-A-01- 
226757 and formed from poryethylene(propylene) glycol (meth)acrylate. (meth)allylsulfonic acid (or salts thereof), and 
(meth)acrylic acid (or salts thereof); copolymers as disclosed in JP-B-05-036377 and formed from polyethylene(propyl- 
ene) glycol (meth)acrylate, either (meth)allylsulfonic acid (or salts thereof) or p-(meth)allyloxybenzenesulfonic acid (or 
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salts thereof), and {meth)acrylic acid (or salts thereof); copolymers as disclosed in JP-A-04-149056 and formed from 
polyethylene glycol rnono(meth)aByi ether and maleic acid (or sate thereof); copolymers as disclosed in JP-A-05- 
170501 and formed from polyethylene glycol (meth)acrytate r (meth)a»y1sulfonic acid (or sails thereof). (meth)acrylic 
acid {or salts thereof), alkanedid wiono{meth)acrylate t polyalkylene glycol mono(rrieth)acryfete > and a,0Hmsaturated 

5 monomers with an amide group in their molecules; copolymers as disclosed in JP-A-06-1 91918 and formed from poly- 
ethylene glycol mono(meth)ally{ ether, polyethylene glycol rrwrKHmeth^crylate, alKyl (metrOacrylates, (meth)acryiic 
acid {or sails thereof), and either (meth)attyfsutfonic acid (or salts thereof) or p-(rneth)al»ylco(yben2enesutfonic acid (or 
salts hereof); copolymers or their hydrotyzed products or salts, as disclosed in JP-A-O5-043288 and formed from alkox- 
ypolyalkytene glycol monoallyl ether and maleic anhydride; copolymers or their salts or esters, as disclosed in JP-B-58- 

10 038380 and formed from polyethylene glycol monoallyl ether, maleic acid, and monomers coporymerizable with these 
monomers; copolymers as disclosed in JP-B-59-018338 and formed from polyalkylene glycol mono(meth)acrylate 
monomers, (meth)acrylic ester monomers, and monomers copolymer izaWe with these monomers; and copolymers or 
salts thereof, as disclosed in JP-A-62-1 19147 and formed from (meth)acry»ic esters with a sulfonic acid group and. in 
case of need, monomers copolymerizable therewith. 

15 The proportion of the above-mentioned porycarboxyBc acid in the present invention cement admixture is not espe- 
cially limited, but is preferably in the range of 10 to 100 % by weight more preferably, 50 to 100 % by weight most pref- 
erably, 80 to 100 % by weight relative to the entirety of the cement admixture. In the case where the proportion of the 
polycarboxySc acid is less than 10 % by weight, the cement dispersibrrty and the slump retainability might be deterio- 
rated. 



[Cement composition] 



The cement composition, according to the present invention, comprises cement the foregoing cement admixture 
according to «ie present invention, and water as essential components, and is. for example, used as cement paste. 
25 mortar, or concrete. 

The cement as used is, in general, normal Portland cement but the following other materials are also available: 
Portland cement such as Ngh-early-strength types, uftra-htgh-earry-strength types, moderate heat types, and white 
types, and mixed porttand cement, such as alumina cement fly ash cement, slug cement, and silica cement 

The proportion of the cement admixture in the present invention cement composition is not especiaBy limited, but 
30 is preferably in the range of 0.01 to 10 % by weight more preferably, 0.05 to 5 % by weight, of cement (in terms of solid 
content), in the case where the proportion of the cement admixture is smaller than 0.01 % by weight the resultant per- 
formance is insufficient Or otherwise the proportion larger than 10 % by weight is economically disadvantageous. 

The ratio between cement and water in the present invention cement composition is not especially limited, but is 
preferably in the range of water/cement (ratio by weight) = 0.1 to 0.7, more preferably, 0.2 to 0.65. 
35 The unit amount of water in the present invention cement composition is not especially limited, but is preferably in 
the range of 100 to 185 kg/m 3 , more preferably, t20 to 175 kg/rn 3 . 

The present invention cement composition can further comprise components other than cement the cement 
admixture, and water. Examples of the other components include: fine aggregates; coarse aggregates; and fine pow- 
ders such as fly ash, shaft furnace slug, silica fume, and limestone. 



(Effects and Advantages of the Invention): 



The cement admixture, according to the present invention, has excellent cement dispersibfflty and can afford high 
slump retainability. 

45 Because the cement composition, according to the present invention, contains the above-mentioned cement 
admixture, this composition has excellent cement cfcpersibffity and high slump retainability. 

The process for producing a polycarboxySc acid, according to the present invention, can produce the polycarboxyTic 
acid efficiently without involving gel formation in the esterif ication step. 

so DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention is more specifically illustrated by the following examples of some preferred 
(embodiments in comparison with comparative examples not according to the invention. However, the invention is not 
limited to these examples. Incidentally, in the below-mentioned examples, unless otherwise noted, the units and 
55 "part(s)" denote those by weight 

Hereinafter, polyalkylene glycols were first produced in Production Examples 1 to 5, and polycarboxylic acids were 

then produced. 
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Production Example 1 for producing polv alkvlene olvcoJ m 

A mixture of 32 parts of methanol and 0.23 parts of sodium hydroxide was charged into an autoclave as equipped 
with a thermometer and a stirrer, and the internal atmosphere of the autoclave was sufficiently replaced with nitrogen. 
Then, the mixture was heated to 70 °C, and 132 parts of ethylene oxide was introduced into the autoclave over a period 
of 1 hour, and the reaction mixture was then kept at 70 P C tor 1 hour to complete an ethylene oxide addition reaction, 
thus obtaining an alcohol as formed by addition of 3 mols of ethylene oxide to 1 mol of methanol. Subsequently, the 
reaction mixture was heated to 155 °C, and 308 parts of ethylene oxide was introduced into the autoclave, and the reac- 
tion mixture was then kept at 155 °C for 1 hour to complete an addition reaction, thus obtaining a methoxypoJyethylene 
glycol <n=10) as polyalkylene glycol (1), of which the peroxide value as measured by the below-mentioned method was 
0.2 meq/kg. 



[Measurement method for peroxide value] 

A mixture of 10 g of polyalkylene glycol (1), 35 ml of chloroform, and 35 ml of acetic acid was placed into a flask, 
and whfle replacing the internal atmosphere of the flask with nitrogen, 1 ml of a saturated potassium iodide solution was 
added into the flask, and the resultant mixture was stirred and then left to stand stationary for 20 minutes, thus prepar- 
ing a brown test solution. This test solution was titrated with 0.01 -N sodium thiosulfate until the brown color of the solu- 
tion disappeared, thus calculating a peroxide value in accordance with the following equation: 

peroxide value (meq/kg) = (A - B) x 107S 

wherein: A is the titration amount (ml) of the 0.01-N sodium thiosulfate as needed for the titration of the sample; B is the 
Ration amount (ml) of the 0.01-N sodium thiosuHate as needed for a blank test; and S is the amount (g) of the sample 
as taken. r 



Production Example 2 for producing p olvalkvlene otvcol ( g ) 

Polyalkylene glycol (2) was obtained by. under an air atmosphere, heating and thereby melting polyalkylene glycol 
(1) as obtained in Production Example 1 above. The peroxide value of polyalkylene glycol (2). as measured in the same 
way as of Production Example 1 , was 0.8 meq/kg. 

Production Example 3 for producing polval kvlene glycol (to 

A mixture of 32 parts of methanol and 0.55 parts of sodium hydroxide was charged into an autoclave as equipped 
with a thermometer and a stirrer, and the internal atmosphere of the autoclave was sufficiently replaced with nitrogen 
Then, the mixture was heated to 70 *C, and 132 parts of ethylene oxide was introduced into the autoclave oyer a period 
of 1 hour, and the reaction mixture was then kept at 70 *C tor 1 hour to complete an ethylene oxide addition reaction 
thus obtaining an alcohol as formed by addition of 3 mols of ethylene oxide to 1 mol of methanol. Subsequently, the 
reaction mixture was heated to 155 °C, and 968 parts of ethylene oxide was introduced into the autoclave, and the reac- 
tion mixture was then kept at 155 °C for 1 hour to complete an addition reaction, thus obtaining a methoxypolyewylene 
glycol (n=25) as polyalkylene glycol (3), of which the peroxide value as measured in the same way as of Production 
Example 1 was 0.2 meq/kg. 



Production Example 4 for producing polvalkvlene glycol (4) 

A mixture of 32 parts of methanol and 1 .65 parts of sodium hydroxide was charged into an autoclave as equipped 
with a thermometer and a stirrer, and the internal atmosphere of the autoclave was sufficiently replaceq 4 with nitrogen. 
Then, the mixture was heated to 70 °C. and 132 parts of ethylene oxide was introduced into Jhe autoclave over a period 
of 1 hour, and the reaction mixture was then kept at 70 °C tor 1 hour to complete an ethylene oxide addition reaction, 
thus obtaining an alcohol as formed by addition of 3 mols of ethylene oxide to 1 mol of methanol. Subsequently, the 
reaction mixture was heated to 155 °C, and 3,168 parts of ethylene oxide was introduced into the autoclave, and the 
reaction mixture was then kept at 155 °C for 1 hour to complete an addition reaction, thus obtaining a methoxypolyeth- 
ylene glycol (n=75) as polyalkylene glycol (4). of which the peroxide value as measured in the same way as of Produc- 
tion Example 1 was 0.2 meq/kg. 
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Production Example 5 for producing pg hialtorfene glycol (5) 

A mixture of 32 parts of methanol and 3.3 parts of sodium hydroxide was charged into an autoclave as equipped 
with a thermometer and a stirrer, and the Internal atmosphere of the autoclave was sufficiently replaced with nitrogen. 
Then, the mixture was heated to 70 C C, and 132 parts of ethylene oxide was introduced into the autoclave over a period 
of 1 hour, aralthereactnnrntxturewasthenkeptat70 °C for 1 hour to complete an ethylene oxide addition reaction, 
thus obtaining an alcohol as formed by addition of 3 mols of ethylene oxide to 1 md of methanol. Subsequently, the 
reaction mixture was heated to 155 °C and 6,468 parts of ethylene oxide was introduced into the autoclave, and the 
reaction mixture was then kept at 155 °C for t hour to complete an addition reaction, thus obtaining a methoxypolyeth- 
ylene glycol (n=150) as polyalkytene glycol (5), of which the peroxide value as measured in the same way as of Produc- 
tion Example 1 was 0.2 meq/kg. 

EXAMPLE 1 

A mixture of 1 ,346 parts of the methoxypolyethylene glycol (n= 10) with a peroxide value of 0.2 meq/kg, as obtained 
in Production Example 1. and 654 parts of methacryfic acid, 800 parts of benzene, 10 parts of sulfuric acid, and 0.5 
parts of hydroquinone was charged into a glass-made reactor as equipped with a therrnorneter, a stirrer, a formed-water 
separator, and a reflux condenser, and the mixture was heated while stirred, thus initiating an esterification reaction. 
After it was confirmed that a predetermined amount of formed water was distilled off, benzene was eliminated, and a 
predetermined amount of water was then added, thus obtaining a 80 % aqueous solution of a monomer mixture (1). 
The esterification conversion, as conformed by liquid chromatography, was 99 %. and no polyethylene glycol dimethacr- 
ylate was detected. The K value of the monomer mixture (1) was 65. 

Next. 1 ,900 parts of water was charged into a glass-made reactor as equipped with a thermom eter. a stirrer, a drop- 
ping funnel, a nftioger^irrtroductrtg tube, and a reflux condenser, and the internal atmosphere of the reactor was 
replaced with nitrogen while stirring, and the reactor was then heated to 95 °C under a nitrogen atmosphere. Next, 
2,000 parts of an aqueous solution, as prepared by adding 1,000 parts of water to 1,000 parts of the preceding mono- 
mer mixture (1), was dropped into the reactor over a period of 4 hours, and further 100 parts of an aqueous solution, 
as prepared by dissolving 10 parts of arnnriontum persuHate into 90 parts of water, was dropped into the reactor over a 
period of 5 hours. After me droppings had been completed, the reaction mixture was kept at 95 °C for further 1 hour 
and then neutralized with an aqueous sodium hydroxide solution, thus obtaining a potycarboxyfic acid (1) with a molec- 
ular weight of 33,000. 

A cement composition (1) was prepared by the below-mentioned concrete test method using the resultant polycar- 
boxylic acid (1) itself as a cement admixture (1) to measure a slump value. Results thereof are shown in Table 1. 

[Concrete test method] 

A cement composition (1) was prepared in a mixing and kneading amount of 50 L using the above-obtained cement 
admixture (1), normal Portland cement (mixture of equivalent amounts of three brands; specific gravity = 3.16) as 
cement, a sand Wend (specific gravity = 2.62, FM = 2.71) of land sand from Oi River System, Japan and mountain sand 
from Kisarazu, Japan as a fine aggregate, and crushed pieces of hard sandstone from Oume, Japan (specific gravity = 
2.64, MS = 20 mm) as a coarse aggregate. The amount of the cement admixture (1) as combined in the resultant 
cement cornposrtion (1) is shown in Table 1. The combination conditions tor preparing the cement (imposition (1) were 
as follows: unit amount of cement = 320 kg/m 3 , unit amount of water = ,166 kg/rn 3 (water/cement ratio = 51 .9 %), and 
sand aggregate ratio = 47 %. The slump value (cm) of the cement composition (1) was measured by a method accord- 
ing to the Japanese Industrial Standard (JIS A1 101 and A1 1 28) at the following three times: immediately after, 30 min- 
utes after, and 60 minutes after the preparation of the cement composition (1). 

EXAMPLE 2 

A mixture of 1 ,346 parts of the methoxypolyethylene glycol (n=10) with a peroxide value of 0.2 meq/kg. as obtained 
in Production Example 1 , and 654 parts of methacrylic acid. 800 parts of benzene, 20 parts of methanesutfdnk: acid, 
and 0.5 parts of hydroquirione was charged into a glass-made reactor as equipped with a thermometer, a stirrer, a 
tormed-water separator, and a reflux condenser, and the mixture was heated while stirred, thus initiating an esterifica- 
tion reaction. After it was confirmed that a predetermined amount of formed water was distilled off, benzene was elimi- 
nated, and a predetermined amount of water was then added, thus obtaining a 80 % aqueous solution of a monomer 
mixture (2). The esterification conversion, as confirmed by liquid chromatography, was 99 %, and no polyethylene glycol 
dimethacrytate was detected. The K value of the monomer mixture (2) was 65. 

Next, 1 ,900 parts of water was charged into a glass-made reactor as equipped with a thermometer, a stirrer, a drop- 
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ping funnel, a nitrogen-introducing tube, and a reflux condenser, and the Internet atmosphere of the reactor was 
replaced with nitrogen while stirring, and the reactor was then heated to 95 °C under a nitrogen atmosphere. Next, an 
aqueous solution, as prepared by adding 13 parts of a 30 % aqueous sodium hydroxide solution and 1,000 parts of 
water to 1,000 parts of the preceding monomer mixture (2), was dropped Into the reactor over a period of 4 hours, and 
further an aqueous solution, as prepared by dissolving 10 parts of ammonium persuKate into 90 parts of water, was 
dropped into the reactor over a period of 5 hours. After the droppings had been completed, the reaction mixture was 
kept at 95 °C tor further 1 hour and then neutralized with an aqueous sodium hydroxide solution until pH increased to 
7.0, thus obtaining a polycarboxylic acid (2) with a molecular weight of 39,700. 

A cement composition (2) was prepared in the same way as of Example 1 using the resultant polycarboxylic acid 
(2) itself as a cement admixture (2) to measure a slump value. Results thereof are shown in Table 1 . 

EXAMPLE 3 

A mixture of 1 ,654 parts of the methoxyporyethylene glycol (n=25) with a peroxide value of 0.2 meq/kg, as obtained 
in Production Example 3, and 372 parts of methacrylic acid, 800 parts of benzene, 10 parts of sulfuric acid, and 0.5 
parts of hydroquinone was charged into a glass-made reactor as equipped with a thermometer, a stirrer, a for med-water 
separator, and a reflux condenser, and the mixture was heated while stirred, thus initiating an Verification reaction! 
After it was confirmed that a predetermined amount of formed water was distilled off. benzene was eliminated, and a 
predetermined amount of water was then added, thus obtaining a 80 % aqueous solution of a monomer mixture (3). 
The esterification conversion, as confirmed by liquid chromatography, was 99 %, and no polyethylene glycol dimethacr- 
ylate was detected. The K value of the monomer mixture (3) was 89. 

Next 669 parte of water was charged into a glass-made reactor as equipped with a thermometer, a stirrer, a pop- 
ping funnel, a nitrogen-introducing tube, and a reflux condenser, and the internal atmosphere of the reactor was 
replaced with nitrogen while stirring, and the reactor was then heated to 80 °C under a nitrogen atmosphere. Next, a 
solution, as prepared by dissolving 6.2 parts of 3-mercaptoproptonic acid into 1,125 parts of the preceding monomer 
mixture (3), was dropped into the reactor over a period of 4 hours, and further an aqueous solution, as prepared by dis- 
solving 10 parts of ammonium persuKate into 190 parts of water, was dropped into the reactor over a period of 5 hqun*. 
After the droppings had been completed, the reaction mixture was kept at 80 °C for further 1 hour and then neutralized 
with an aqueous sodium hydroxide solution until pH increased to 7.0. thus obtaining a polycarboxylic acid (3) with a 
molecular weight of 23,000. 

A cement composition (3) was prepared in the same way as of Example 1 using the resultant polycarboxylic acid 
(3) rtsetf as a cement admixture (3) to measure a slump value. Results thereof are shown in Table 1 . 

EXAMPLE 4 

A mixture of 1.635 parts of the methoxyporyethylene glycol (n=75) with a peroxide value of 0.2 meq/kg. as obtained 
in Production Example 4, and 374 parts of methacrylic acid, 800 parts of benzene. 10 parts of sulfuric acid, and 0.§ 
parts of hydroquinone was charged into a glass-made reactor as equipped with a thermometer, a stirrer, a tormed-water 
separator, and a reflux condenser, and the mixture was heated while stirred, thus initiating an esterification reaction! 
After it was confirmed that a predetermined amount of formed water was distilled off, benzene was eliminated, and a 
predetermined amount of water was then added, thus obtaining a 80 % aqueous solution of a monomer mixture (4). 
The esterificatipn conversion, as confirmed by liquid chromatography, was 99 %, and no polyethylene glycol djmethacr- 
ylate was detected. The K value of the monomer mixture (4) was 50. 

Next, 1 ,130 parts ofwaterwas charged into a glass-made reactor as equipped wrft a thermometer, a stirrer, adrcp- 
ping funnel, a nitrogen-introducing tube, and a reflux condenser, and the internal atmosphere of the reactor was 
replaced with nitrogen while stirring, and the reactor was then heated to 80 °C under a nitrogen atmosphere. Next, a 
solution, as prepared by dissolving 167 parts of water and 3.7 parts of 3-mercaptopropionic acid into 500 parts of the 
preceding monomer mixture (4), was dropped into the reactor over a period of 4 hours, and further an aqueous solution, 
as prepared by dissolving 4.6 parts of ammonium persulfate into 1 90 parts of water, was dropped into the reactor over 
a period of 5 hours. After the droppings had been completed, the reaction mixture was kept at 80 °C for further 1 hour 
and then neutralized with an aqueous sodium hydroxide solution until pH increased to 7.0, thus obtaining a polycarbox- 
ylic acid (4) with a molecular weight of 35,000. The resultant polycarboxylic acid (4) itself could be used as a cement 
admixture (4). 

EXAMPLES 

A mixture of 1 ,491 parts of the methoxyporyethylene glycol (n*25) with a peroxide value of 0.2 meq/kg, as obtained 
in Production Example 3, and 533 parts of methacrylic acid, 800 parts of benzene, 10 parts of sulfuric acid, and 0.5 
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parts o* hydroqueione was charged into a glass-made reactor as equipped with a thermometer, a ^^-^^ ^ ,er 
sSrlTaSTSL condenser, and the mixture was heated while stirred, thus inttattag an ester»c«^ reaction. 
JSS^nZSthat a predetermined amount of formed water was dtetffled off. benzene was eHminated. and a 
™S^ne?anSrt water was then added, thus obtaining a 80 % aqueous solution of a monomer rnocture (5). 
^eSS^^i SLed by l^d chromatography, was 99 «*. and no po.yethy.ene glycol dimethacr- 
ytate was detected. The K value of the monomer mixture (5) was 56. 

Next, 800 parts of water was charged into a glass-made reactor as equipped with a «f * d ^ 

nir^^^a^o^introducing nOe. and a reflux condenser, and the internal atmosphere of the reactor was 
^CSS and'the reactor was then heated to 95-C under a nrtrogen 
srTtiorL as oreoared by adding 167 parts of water to 800 parts of the preceding monomer mixture (5). was dropped 
^^rSr^eTa S^oM nounj and further an aqueous solution, as prepared by dissolving 6.2 parts of ammo- 
rS fiSSXZ of water was dropped into the reactor over a period of 5 hours. After the drcppmgs had 

hZ Seted torn reacton mixture was kept at95 °C for further 1 hour and then neutralized with an aqueous sod.um 
^SZ!SS^^^!i to?.0^us obtaining a polycarboxyBc ac« (5) wrth a mo.ecu.ar wergh.of22^. 

Tc^^mposition <5) was prepared by the below-mentioned mortar test method usmg the resutent polycar- 
boxyWa^sSefas a cement adnXe (5) to measure a flow value. Results thereof are shown m Table 2. 



[Mortar test method] 



A cement composition (5) was prepared by mixing 240 parts of water, containing the abcve^obtoned cement 
adrr^S SSS»£i ol nrZlpvZ* cement (made by Chichfcu Onoda K£J as ^"""^ « 
Sr^sarKi from Toura. Japan u^ admixture (5) as contoned in the 

'^ r ^2SSS^^* faed into a holtow cyr^er of 58 mn, in diameter 
heioht and the filled cylinder was then vertically lifted to define an average value of dameters m two directonsot the 
£2d ce^ SxSoT(5) as a flow value (mm), which was measured at the toflowmg three bmes: ^mediately 
after. 30 minutes after, and 60 minutes after the preparation of the cement composition (5). 

EXAMPLE 6 

A mixture of 1 .573 parts of the methoxypolyethylene glycol (n=25) with a peroxide value of 0j2 rneq/kg. as obtained 
in ProdSon ExampleTand 452 parts of melhacrylic acid. 800 parts of ^zene^ lOparJ of 
parts of hydroquinone was charged into a glass-made reactor as equipped ^^^^-^'^^t^ 
swaratoT and a reflux condenser, and the mixture was heated while stirred, thus initiating an esterrfication "«aon. 
Afl^Twas^irmed that a predetermined amount of formed water was disced off. benzene -ase^e^anda 
predetermined amount of water was then added, thus obtaining a 80 % aqueous sotuton rtamono^rrfc^(6). 
T^TesteXation conversion, as confirmed by liquid chromatography, was 99 %. and no polyethylene glycol dimethacr- 
viate was detected The K value of the monomer mixture (6) was 69.7. 

1^ eeToarts otwater was charged into a glass-made reactor as equipped wHh a thermometer, a stirrer, a drop- 
n^^ef a^erTSuSng tube, and a^Xx condenser, and the internal atmosphere of the reactor was 
Sc^ rSen^wTS. and'the reactor was then heated ^J^^^^^^ 
solution, as prepared by dissolving 7.51 parts of 3-mercaptopropionic acid into 1,1 25 parts ol the preceding n™™* 
ntJT<6^ waTa^w^irrmereactor over a period of 4 hours, and further an aqueous solution, as * 
SvS 10 parts Jammonium persuHate into 190 parts of water, was dropped into the reactor over apenod of Shouts 
ASedrwfriCbeen completed, the reaction mixture was kept at 80 -C 'orturmeM hourand thenneufra^ed 
wrtn aTaqueWsodium hydroxide solution untit pH increased to 7.0. thus obtamtng a polycarboxylic acid (6) wrth a 

^Tcen^co\np2Z(6) was prepared in the same way as of Example 5 usingthe resultant polycarboxySc acid 
(6) itself as a cement admixture <6) to measure a flow value. Results thereof are shown in Table 2. 

EXAMPLE 7 

A mixture of 1 .694 parts of the methoxypolyethylene glycol (n=25) wrth a peroxide value of 0.2 meq/kg. as obtained 
in Pr^ Example 3. and 333 parts ol methacrylic acid. 800 Parls^nzer^ 10 parte *^<Z+££ 
oarts of hvdroauinone was charged into a glass-made reactor as equipped with a thermometer, a stirrer a formed-water 
SrlTS a refltx^xidenser. and the mixture was heated whHe stirred, thus initiating an esterihca Hon ^reactoon. 
X Twas^Vmed that a predetermined amount of formed water was <MM o«. benzene «^^ anda 
predetermined amount of water was then added, thus obtaining a 80 % aqueous solution of a monomer mixture (7). 
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The esterff ication conversion, as confirmed by liquid chromatography, was 99 %, and no polyethylene glycol dimethacr- 
ylate was delected. The K value of the monomer mixture (7) was 101.7. 

Next 670 parts of water was charged into a glass-made reactor as equipped with a thermometer, a stirrer, a drop- 
ping funnel, a nitrogen-introducing tube, and a reflux condenser, and the internal atmosphere of the reactor was 
replaced with nitrogen while staring, and the reactor was then heated to 80 °C under a nitrogen atmosphere. Next, a 
solution, as prepared by dissolving 5.54 parts of 3-mercaptopropionic acid into 1,125 parts of the preceding monomer 
mixture (7), was dropped into the reactor over a period of 4 hours, and further an aqueous solution, as prepared by dis- 
solving 1 0 parts of ammonium persuffate into 1 90 parts of water, was dropped into the reactor over a period of 5 hours 
After the droppings had been completed, the reaction mixture was kept at 80 °C for further 1 hour and then neutralized 
with an aqueous sodium hydroxide solution until pH increased to 7.0, thus obtaining a polycarboxylic acid (7) with a 
molecular weight of 25,000. 

A cement composition (7) was prepared in the same way as of Example 5 using the resultant polycarboxylic acid 
(7) itself as a cement admixture (7) to measure a flow value. Results thereof are shown in Table 2. 

EXAMPLE 8 



A mixture of 1 .741 parts of the methoxypolyethylene glycol (n=25) with a peroxide value of 0.2 meq/kg, as obtained 
in Production Example 3, and 287 parts of methacrylic acid. 800 parts of benzene. 10 parts of sulfuric acid, and 0 5 
parts of hydrpquinone was charged into a glass-made reactor as equipped with a thermometer, a stirrer, a formed- water 
separator, and a reflux condenser, and the mixture was heated while stirred, thus initiating an esterif ication reaction 
After it was confirmed that a predetermined amount of formed water was distilled off. benzene was efiminated. and a 
predetermined amount of water was then added, thus obtaining a 80 % aqueous solution of a monomer mixture (8). 
The esterification conversion, as confirmed by liquid chromatography, was 99 %. and no polyethylene glycol dimethacr- 
ylate was detected. The K value of the monomer mixture (8) was 121.5. 

Next 669 parts of water was charged into a glass-made reactor as equipped with a thermometer, a stirrer, a pop- 
ping funnel, a nitrogen-introducing tube, and a reflux condenser, and the internal atmosphere of the reactor was 
replaced with nitrogen while stirring, and the reactor was then heated to 80 °C under a nitrogen atmosphere. Next . ^ 
solution, as prepared by dissolving 6.63 parts of 3-mercaptopropionic acid into 1,125 parts of the preceding monomer 
mixture (8), was dropped into the reactor over a period of 4 hours, and further an aqueous solution, as prepared by dis- 
solving 10 parts of ammonium persuKate into 1 90 parts of water, was dropped into the reactor over a period of 5 hours 
After the droppings had been completed, the reaction mixture was kept at 80 °C for further 1 hour and then neutralized 
with an aqueous sodium hydroxide solution until pH increased to 7.0. thus obtaining a polycarboxylic acid (8i with a 
molecular weight of 35.000. r ' ^ ■ ~ 

A cement composition (8) was prepared in the same way as of Example 5 using the resultant polycarooxylic acid 
(8) itself as a cement admixture (8) to measure a flow value. Results thereof are shown in Table 2. 

EXAMPLE 9 



A mixture of 1,819 parts of the methoxypolyethylene glycol (n=150) with a peroxide value of 0.2 meq/kg. as 
obtained in Production Example 5. and 186 parts of methacrylic acid. 800 parts of benzene. 10 parts of sulfuric acid, 
and 0.5 parts of hydroquinone was charged into a glass-made reactor as equipped with a thermometer, a stirrer, a 
formed-water separator, and a reflux condenser, and the mixture was heated while stirred, thus initiating an esterifica- 
tion reaction. After it was confirmed that a predetermined amount of formed water was distilled off, benzene was elimi- 
nated, and a predetermined amount of water was then added, thus obtaining a 80 % aqueous solution of a monomer 
mixture (9). The esterification conversion, as confirmed by liquid chromatography, was 99 %, and no polyethylene glycol 
dimethacrylate was detected. The K value of the monomer mixture (9) was 79.8. 

Next. 669 parts of water was charged into a glass-made reactor as equipped with a thermometer, a stirrer, a drqp- 
ping funnel, a nitrogen-introducing tube, and a reflux condenser, and the internal atmosphere of the reactor was 
replaced with nitrogen while stirring, and the reactor was then heated to 80 °C under a nitrogen atmosphere. Next a 
solution, as prepared by dissolving 300 parts of water and 4.59 parts of 3-mercaptopropionic add into 500 parts of the 
preceding monomer mixture (9). was dropped into the reactor over a period of 4 hours, and further ah aqueous solution, 
as prepared by dissolving 4.6 parts of ammonium persuffate into 190 parts of water, was dropped into the reactor over 
a period of 5 hours. After the droppings had been completed, the reaction mixture was kept at 80 °C for further 1 hour 
and then neutralized with an aqueous sodium hydroxide solution until pH increased to 7.0, thus obtaining a polycarbox- 
yfic add (9) with a molecular weight of 45.000. 

A cement composition (9) was prepared in the same way as of Example 5 using the resultant polycarboxylic acid 
(9) itself as a cement admixture (9) to measure a flow value. Results thereof are shown in Table 2. 
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EXAMPLE 10 

A mixture of 1,346 parte of the rnettK^ethyiene glycot <"= 1 °> ^ tT^^!^ ^JTrt^aS ISol 
in Production Example 2 and 654 parte of methacrySc acid. 660 parts of benzene. 20 parts of sulfuric «^nd<X5 
^^Sc«^ ^SSSd Moa glass-made reactor as equipped with a thermometer, a strrer^ a torrned-water 
^^ST^^Z and thVmLture was healed wh»e stirred, thus initiating an esterif^t^reactwrv 
A^Tw^Ta J™^nS *5 Sached to a stirring wing or bar and the thermometer, so the <*ten1>cato>n reactor, 
After awhie. a large Z*~*eLtene otvco) methacryfate could be isolated from the reaction mixture. In addi- 

as J SS ' STSSS a pCycarboxyTa^ (10) w«h a molecuiarweight of 33.000. This polycarbaxyl.c ac,d 
(10) had properties level with the polycarboxylic acid (1) having the same molecular weight. 
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A mixture of t ,346 parts of the methoxypotyethylene glycol (n= 10) with ^roxide^lue of ^ megi^ as obtained 
o~LT~ZT c«Lfc, i and 654 Darts of methacryic acid. 660 parts of benzene, 80 parts of sulfuric acid, and 0.5 
,„ Prod^tonExarrple 1 aj^^ parts ™™°™T as ^^ped with a thermometer, a stirrer, a formed-water 
parts of hydroqvunone wascharged '^^^^^^^^^ ^ injBatjng m esteriKcatton reaction, 
separator, and a reflux condenser, and the mature was heated wrwe swr ~'J"~^'™" eliminated and a 
AfterTwas confirmed that a predetermined amount of formed water was dfctfled off. benzene was ehniinated. and a 
pS^eTeZnt of wai^as^ddeA thus obWnin» a 80 % ^J^J^^^£^ 
The esterificaticn conversion, as confirmed by Squid ^^^^■^^^^^^^^^ °* 
dimethacrylate in the monomer mixture (11) was 12 %. The K value of the 'T^L^t^rilm^ ^stirrer a droo- 

Nexl 1900 parts of water was charged into a glass-made reactor as 
ninn^nei'Tr^oflen-introducing tube, and a reflux condenser, and the internal atmosphere of the reactor was 
P ^ ^Z^JSSESZS^ and the reactor was then heated to95°C under a nitrogen atmosphere. Next, a 
replaced wrth mtrogen ^'^^^rx^r^ ofwater to 1 000 parts of the preceding monomer mixture (11). was 
Z^T^JT^J^ aTSLSer an a^eous soiution, as prepared by discing 1 3.5 parts 

dropped «*> therearforover *g^V££ * ^ reactor ^ a pefio d of 5 hours. After the drop- 

of anrinxHiwm ******* l^^SSS mS« waftortrt 95 -C for further 1 hour and then neutralized with an aque- 
^£ e ^^^^^*£ a polyene aCd (11, w* a rrx.ecu.ar 

Wei9 r c ^^Lposition (11a) was prepared in the same way as of 

(1 1) itseH as a cement admixture (1 1) to measure a slump value ^ufts ther^a^ shown " ™^ C ^™ e 
position (1 1b) was prepared in the same way as of Example 5 using the cement admixture (1 1) to measure a now vaiue. 
Results thereof are shown m Table 2. 

COMPARATIVE EXAMPLE 1 

» 1 oct no* m the methaxvoorvelbvlene glycol <n=25) with a peroxide value of 0.2 meq/kg, as obtained 

• p^Tjtn F^mtTeTand ^^T^^clL. 660 parts of benzene, 10 parts of sulfur* acid, and 0.5 
,n Production E *^ e *'^ 1 ^ n^nade reactor as equipped with a thermometer, a stirrer, a formed-water 
parts of hydroqunone wascharged '^^^^^^^7^^, ^ initiating an esterification reaction. 
Sm££S££ ^'^L^^TeT^^^ on. benzene was eliminated, and a 
pr^^T^^^TZn added, thus obtaining a 80 % aqueous solution of a <«V«£^£ 

nSSTS. The esterifcation conversion, as confirmed by »^™^'^ f ^TSSSSi 
^ ritmethacrvlate in the comparative monomer mixture (1) was 3.5 %. me k vaiue ot me corT^ctimiv© 

2^fr^r^^^^ Exampfe 1 . me reaction period of fcme was very tang, so the product^ 

W3S J?*, fi7 , Darts o, watef was charged into a glass-made reactor as equipped with a thermometer, a stirrer a drop- 
6 , P l^ c r^rnd^rxTtub7 and a reflux condenser, and the internal atmosphere of the reactor was 
ping tunnel, a nrtrogen^oducmg tube ■ . ' to80 o C under a ^ogen atmosphere. Next a 

22? TJZZ^SZ^ ^ iZZS^S^l 1 Mparts of the preced^g comparative 
solution, as prepared by OB so^g4.Bpans w « ^ f 4 h ^ 1urtner ^ aqueous solution, as pre- 

oT^k^L After the droocinos had been completed, the reaction mixture was kept at 80 °C for further 1 hour and then 
neutnSwlh an aqu^oTm hydrSsotution until P H increased to 7.0. thus obtaining a comparatrve pdycar- 
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boxylic acid (1) with a molecular weight of 19.700. 

A comparative cement composition (1) was prepared in the same way as of Example 5 using the resultant compar- 
ative polycarbaxylic acid (1) itself as a comparative cement admixture (1) to measure a flow valua Results thereof are 
shown in Table 2. 

COMPARATIVE EXAMPLE 2 

A comparative cement composition (2) was prepared in the same way as of Example 1 using a salt of a naphtha- 
lenesuttonic acid-formaldehyde condensation product (IMSF) as a comparative cement admixture (2) to measure a 
slump value. Results thereof are shown in Table 1. 

COMPARATIVE EXAMPLE 3 

First 674 parts of water was charged into a glass-made reactor as equipped with a thermometer, a stirrer, a chop- 
ping funnel, a nitrogen-introducing tube, and a reflux condenser, and the internal atmosphere of the reactor was 
replaced with nitrogen while stirring, and the reactor was then heated to 80 °C under a nitrogen atmosphere. Next, a 
solution, as prepared by dissolving 13.5 parts of methacrylic add and 8.0 parts of 3-mercaptopropionic acid into 1^055 
parts of the preceding comparative monomer mixture (1) with a K value of 215. as obtained in Comparative Example 1. 
was dropped into the reactor over a period of 4 hours, and further an aqueous solution, as prepared by dissolving 10 
parts of ammonium persuKate into 190 parts of water, was chopped into the reactor over a period of 5 hours. After the 
droppings had been completed, the reaction mixture was kept at 80 °C for further 1 hour and then neutralized with an 
aqueous sodium hydroxide solution until pH increased to 7.0. thus obtaining a comparative pdyca/boxylic acid (3) with 
a molecular weight of 37.200. 

A comparative cement composition (3) was prepared in the same way as of Example 5 using the resultant compar- 
ative polycarbaxylic acid (3) itself as a comparative cement admixture (3) to measure a flow value. Results thereof are 
shown in Table 2. 



Table 1 





Cement admix- 
ture 


Combination 
amount (wt %) 


Slump value (cm) 








Immediately after 
preparation 


30 minutes after 
preparation 


60 minutes after 
preparation 


Example 1 


Polycarbaxylic 
acid(1) 


0.14 


18 


13.5 


9 


Example 2 


Polycarbaxylic 
acid (2) 


0.15 


18.5 


14.5 


10 


Example 3 


Polycarbaxylic 
acid (3) 


0.12 


19 


15.5 


13.5 


Example 11 


Polycarbaxylic 
acid (11) 


0.32 


17.5 


13.5 


9 


Comparative 
Example 2 


NSF 


0.5 


18 


10.5 


6.5 
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Table 2 



10 



15 



20 



25- 



30 





Cement admix- 
ture 


Combination 
amount (wt%) 


Row value (mm) 










Immediately after 
preparation 


30 minutes after 
preparation 


60 minutes after 
preparation 


Example 5 


Potycarboxyttc 
acid (5) 


0.18 


104 


90 




Example 6 


PolycarbCDcyiic 
acid (6) 


0.15 


106 


95 




Example 7 


Polycarboxylic 
acid (7) 


0.25 


95 


90 




Example 8 


Polycarboxylic 
acid (8) 


0.3 


96 


95 ~ 
_____ 


94 ^ 


Examples 


Polycarboxylic 
acid (9) 


0.15 


107 




70 


Example 11 


Polycarbcxylic 
acid (11) 


0.35 


98 


92 


| 87 


Comparative 
Example 1 


Comparative 
potycarbcxyBc 
acid (1) 


1.0 


58 






Comparative 
Example 3 


Comparative 
polycarboxylic 
acid (3) 


0.5 


94 


92 " 





40 



45 



SO 



Ron. Table 1 it would be understood that the cement admixtures (1) to (3) and (1 1), according ^P^^fT 
tior,^ ac^ a^urnp of 18 cm (immediate* after the preparation of the cement r^^jf^Jt 
SeSS^and furtheTmerery involve a sma» change of the s|umpva.ue ^*^i^ < ^t^ 
used than that of the comparative cement admixture (2). The cement admixture (1 
dSptays a Me inferior performance when compared with the cement admires (1) 

invention but can display performance level therewith by increasing the amount of the cement admixture (1 1) as com 

aSnTS^ metSaT^cT and the methacryHc acid (B) as that in the preparation of the comparatjve cement 
7m CIS. therefor is considered as follows: the K value of the comparative rtK,ncrr^ rr^xt^ ( 1 ) as 
S^^prep^Sol the comparative cement admixture (3). is more than 200 and as a result, the comparatve 

mixture m has as high a polyelhylene glycol dimethacrylate content as 3.5%. 
~oSSSSZ3 without departing from Esprit not its ^e. Furth^Jhe 
wJrinTrtocrtetion of the preferred embodiments according to the present invention is provided tor the purpose of 
S^^a'not fortne^rpose of limiting the invention as defined by the appended claims and their equva- 

tents. 
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Claims 

1 . A cement admixture, comprising a polycarboxylic acid as an effective component, wherein the polycarboxylic acid 
is obtained by a process including the steps of: 
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charging w a w parts by weight of a polyalkyiene glycol (A) of the general formula (1) below and "b" parts by 
weight of a (meth)acrylic add monomer (B) of the general formula (2) below into a reactor in the range of the 
equation (1) below; 

carrying out an esterification reaction of the resultant mixture in the reactor, thus obtaining a polyalkyiene gly- 
col (meth)acrylate (C) of the general formula (3) below; and 

copolymerizing the resultant polyalkyiene glycol (meth)acrylate (C) and the (meth)acrylic acid monomer (B), 
thus obtaining the polycarboxytic acid; 
wherein the general formula (1) is: 

HO{R 1 0) n R 2 {1) 

wherein the general formula (2) is: 

R3 
I 

CH 2 =C-COOH (2) 



wherein the equation (1) is: 

{(a/n iy2 Vb} x 100 £200 

wherein the general formula (3) is: 

R3 
I 

CH 2 = C-COO<RiO)„R2 



0) 



(3) 



wherein: R*0 is one kind of oxyalkylene group or a mixture of two or more kinds thereof, wherein the two or 
more kinds of oxyalkylene groups may be added either in block form or at random; R 2 is an alkyt group with 1 
to 22 carbon atoms, a phenyl group, or an alkylphenyl group; n is an average molar number of the added oxy- 
alkylene groups and is a number of 1 to 300; and R 3 is a hydrogen atom or a methyl group. ' ' 1 

A cement aoVnixture according to claim 1 , wherein the polycarboxylic acid comprises: a backbone polymer with a 
structural unit as derived from either or both of the (meth)acrylic acid monomer (B) and a salt thereof; and a side 
chain which is a structural moiety as derived from the polyalkyiene glycol (A); wherein the backbone polymer and 
the side chain are bonded to each other through either or both of an ester bond and an ether bend. ' '* 

A cement admixture according to claim 1 or 2, wherein the part by weight "a" of the polyalkyiene glycol (A), the part 
by weight "b" of the (meth)acrylic acid monomer (B), and the average molar number "n" of the added oxyalkylene 
groups meet the following equation (2): 

40 ^ {(am 1/2 )/b} x 100 < 200 (2). 

A cement admixture according to any one of claims 1 to 3, wherein the process for obtaining the polycarboxylic acid 
further includes the step of adding a copdymerizable monomer to a reaction system which is subjected to the 
copolymerization step. 

A cement admixture according to any one of claims 1 to 4. wherein a reaction system which is subjected to the 
copolymerization step in the process for obtaining the polycarboxylic acid merely includes a polyalkyiene glycol 
di(meth)acrylate (E) of the general formula (4) below as an impurity in a ratio of 0 to 5 % by weight of the poly- 
alkyiene glycol (meth)acrylate (C), 

wherein the general formula (4) is: 
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R4 R6 
I I 

CH2= C-COO(R50) r CO-C=CH 2 (4) 

wherein- each of R 4 and R 6 is independently a hydrogen atom or a methyl group; R=0 is one Kind of cocyalkylene 
qroup or a mixture of two or more kinds thereof, wherein the two or more kinds of cocyalkylene groups may be added 
either in block form or at random; and r is an average molar number of the added oxyalkytene groups and is a 
number of 1 to 300. 

A cement admixture according to claim 5. wherein the ratio of the polyafkytene grvC0 | dl(meth)acrylate (E) to the 
polyalkylene glycol (meth)acrylate (C) is less than 1 % by weight 

A cement composition, comprising cement, a cement admixture as recited in any one of claims 1 to 6. and water 
as essential components. 

A process for producing a potycarboxytic acid, comprising the steps of: 

charging "a" parts by weight of a polyalkylene glycol (A) of the general formula (1) below and "b" parte by 
weight of a (meth)acrytic acid monomer (B) of the general formula (2) below into a reactor in the range of the 
equation (1) below, wherein the polyalkylene glycol (A) has a peroxide value of 0.7 meq/kg or less; 
carrying out an esterif kation reaction of the resultant mixture in the reactor, thus obtaining a polyafkytene gly- 
col (meth)acrytete (C) cf 1he general formula (3) below, and , ^ ,. ._, 

copclymeroing the resultant polyalkylene glycol (meth)acrylate (C) and the (meth)acrylic aod monomer <B). 
thus obtaining the potycarboxytic acid; 
wherein the general formula (1) is: 

HOfFVO^R 2 0) 

wherein the general formula (2) is: 
R3 

I 

CHz= C-COOH (2) 



wherein the equation (1) is: 

{(a/n 1/2 Vb} x 100 5 200 0) 

wherein the general formula (3) is: 
R3 

CH 2 =C-COO(RiO) n R2 (3) 



wherein- R 1 0 is one kind of oxyalkylene group or a mixture of two or more kinds thereof, wheran the 
more kinds of oxyalkytene groups may be added either in block form or at random; R is an alkyl group 
to 22 carbon atoms, a phenyl group, or an alkyfphenyl group; n is an average molar number of the adde 
alkylene groups and is a number of 1 to 300; and R 3 is a hydrogen atom or a methyl group. 
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